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[57] ABSTRACT

There 1s disclosed a control apparatus and a control
method in 2 welding apparatus for enabling a welding
torch to trace a weld line with use of an oscillating
process. In the control apparatus and control method,
the welding torch is oscillated in the left and night direc-
tions crossing the weld line with an overpass, and an
electric signal is detected responsive to changes in an
arc length and a wire extension. The moving average
value of the electric signal i1s calculated for a predeter-
mined smoothing time interval so as to eliminate a high
frequency noise component of the electric signal, and
there 1s outputted a low-pass-filtered electric signal
having a level of the calculated moving average value.
Thereafter, a controller moves the center of the oscilla-
tion so as to enable the welding torch to trace the weld
line responsive to the filtered electric signal.

17 Claims, 10 Drawing Sheets
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CONTROL APPARATUS FOR TRACING A WELD
LINE IN A WELDING APPARATUS AND
CONTROL METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention .

The present invention relates to a control apparatus
for tracing a weld line in a welding apparatus and a
control method therefor, more particularly, to a control
apparatus for enabling a welding torch to trace a weld
line while oscillating the welding torch by detecting an
electric signal responsive to changes in an arc length
and a wire extension, and a control method therefor.

2. Description of Related Art

Conventionally, there has been widely used a control
method for enabling a welding torch to trace a welding
line according to a detection signal of an arc sensor for
detecting an electric change responsive to changes in
the arc length and the wire extension caused when the
welding torch is oscillated.

The principle of control methods for tracing the weld
line using the arc sensor which have been used in the
conventional arc welding methods is applicable to the
spray arc down welding method for works of a relative
thick plate having a thickness larger than 2.0 mms.

The conventional arc sensor of this type has been
developed on basis of the aforementioned principle, and
can yield relatively good results in the horizontal fillet
welding provided that the welding speed is relatively
low, for instance, of an order of 120 cms/min. Also,
the horizontal fillet welding, the arc sensor is applicable
to a thin plate of an order of 2.0 mms in thickness.

However, in the case of a thin plate welding for vari-
.ous kinds of parts of automobiles or a vertical down
welding for various kinds of works, there has been
widely used the short arc welding method utilizing a
short circuit phenomenon for welding works in a higher
welding speed with a shorter arc length in order to limit
the heat input. Further, there has been widely used the
MAG pulse arc welding method for welding works
with a shorter arc length by sometimes producing a
short circuit in order to prevent from producing the
spatter in the welding utilizing the above short arc
welding method.

However, the conventional arc sensor is applicable to
control methods for tracing a weld line by detecting a
change in the welding current due to a change in the
extension length of the end of the wire and performing
various kinds of calculations under the condition of an
approximately constant of the arc length upon produc-
ing the arc in a welding utilizing the spray arc welding
method as described above.

On the other hand, the conventional arc sensor is not
applicable to the above short arc welding method for
limiting the heat input and the MAG pulse arc welding
method since the welding current due to the short cir-
cuit changes considerably because of the shorter arc
length.

In the conventional arc welding, when there changes
the thickness and the matenal of the works to be weided
and the welding position, it is necessary to change the
welding current, the welding voitage and to alter the
kind of the shielding gas so as to change the arc length
and the amount of the heat input, and also 1t is necessary
to select the best welding method among the spray arc
welding method, the MAG pulse arc welding method
wherein the short circuit phenomenon occurs relatively
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rarely, and the short arc welding method wherein the
short circuit phenomenon often occurs. Recently, one
robot is used in order to enlarge the application range,
namely, to apply to various kinds of welding method,
particularly the short arc welding method.

However, when the conventional arc sensor control
method is applied to the short arc welding method, it 1s
very difficult to set a suitable frequency for detecting
the arc current as follows:

In an arc phenomenon produced in the short arc
welding method wherein the productions of the arc and
the short circuit are repeated alternately, the continuous
time interval of the short circuit phenomenon 1s rela-
tively short such as several msec., and the frequency
thereof is several hundreds Hz. On the other hand, the
frequency of the change in the welding current to be
detected by the arc sensor is about 20 Hz even though
a higher oscillation frequency 1s set. Therefore, in the
conventional method, after the detected analogue weld-
ing current is passed through an analogue low pass filter
having a cut-off frequency of about 50 Hz, the analogue
signal having passed therethrough is sampled at a sam-
pling frequency in the range from 200 Hz to 500 Hz, and
then, an electric signal having a frequency of about 20
Hz is outputted as a control signal for tracing a weld
line.

In this conventional method, the analogue signal
having passed through the analogue low pass filter has
a phase delayed by a phase of about 30° from a welding
torch position signal, and it i1s extremely difficult to
compensate an error due to the above phase delay in-
cluding the dispersion of charactenstics of the above
filter highly precisely by changing the phase delay de-
pending on changes in the processing conditions of
various kinds of short arc welding. Accordingly, the
conventional arc sensor control method can not be
applied to the short arc welding method.

Namely, it is necessary to set a suitable oscillation
frequency in the range from 0.5 Hz to 10 Hz depending
on respective welding conditions such as the thickness
of plates to be welded. However, it is extremely difficuit
to compensate the error due to the above phase delay
highly precisely by setting a suitable oscillation fre-
quency when respective welding conditions are
changed widely.

Therefore, in the control method for tracing the weld
line utilizing the conventional arc sensor which 1s appli-
cable to only the above-mentioned short arc welding
method, there is such a problem that i1t 1s extremely
difficult to more widely set the welding conditions for
the same welding apparatus.

SUMMARY OF THE INVENTION

An essential object of the present invention is to pro-
vide a control apparatus and a control method for en-
abling a welding torch to trace a weld line while oscil-
lating the welding torch in a welding apparatus, which
is capable of welding works at a higher welding fre-
quency so as to be applicable to the thin plate welding
or the vertical down welding in order to limit the heat

~ input.

65

Another object of the present invention is to provide
a control apparatus and a control method for enabling a
welding torch to trace a weld line in a welding appara-
tus, which is applicable to various kinds of welding
methods such as the short arc welding method and the
MAG pulse arc welding method having a relative short
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arc length, in addition to the conventional spray arc
welding method.

In order to accomplish the above objects, according
to one aspect of the present invention, there is provided

a control apparatus for enabling a welding torch to

trace a weld line in a welding apparatus while oscillat-
ing said welding torch in the left and right directions
crossing said weld line with an overpass comprising:

detection means for detecting an electric signal re-
sponsive to changes in an arc length and a wire exten-
s$ion;

calculation means for calculating a moving average
value of said electric signal for a predetermined smooth-
ing time interval so as to eliminate a high frequency
noise component of said electric signal;

signal output means for outputting a low-pass-filtered
electric signal having a level of said calculated moving
average value; and |

control means for moving the center of said oscilla-

tion so as to enable said welding torch to trace said weld -

~ line responsive to said filtered electric signal.

According to another aspect of the present invention,
there is provided a control method for enabling a weld-
ing torch to trace a weld line in a welding apparatus
while oscillating said welding torch in the left and nght
directions crossing said weld line with an overpass com-
prising:

a detection step of detecting an electric signal respon-
sive to changes in an arc length and a wire extension;

a calculation step of calculating a moving average
value of said electric signal for a predetermined smooth-
ing time interval so as to eliminate a high frequency
noise component of said electric signal;

an outputting step of outputting a low-pass-filtered
electric signal having a level of said calculated moving
average value; and

a control step of moving the center of said oscillation
sO as to enable said welding torch to trace said weld line
responsive to said filtered electric signal.

" BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present

invention will become clear from the following descrip-
tion taken in conjunction with the preferred embodi-
ments thereof with reference to the accompanying
drawings, in which:

FIG. 1 is a schematic block diagram showing an arc
welding apparatus utilizing a control apparatus of the
preferred embodiments according to the present inven-
tion;

FIG. 24 1s a detailed schematic block diagram show-
ing a part of the arc welding apparatus shown in FIG. 1;

FIG. 2b is a chart showing a waveform of a signal
outputted from a position detecting circuit 11 showing
in FIG. 2¢;

F1G. 2c 1s a chart showing a waveform of a signal
outputted from a filter 12 shown in FIG. 2a;

FI1G. 2d 1s a chart showing a waveform of a wave-
form signal outputted from a waveform composing
circuit 13 shown in FIG. 2a;

FIG. 2¢ is a chart showing a waveform of a first
comparative signal outputted from an arithmetic circuit
14 shown in FIG. 24,

FIG. 2f is a chart showing a waveform of a second

comparative signal outputted from an arithmetic circuit
15 shown in FIG. 2a;

4
FIGS. 3a and 3b are flowcharts showing a sampling

action in the arc welding apparatus shown in FIG. 1 and
h’.

FIG. 4a 1s a waveform chart showing the relation
between a series of signal S1 to be stored in a ring buffer
memory 182 shown in FIG. 24 and an elapsed time t;

FIG. 4 is a waveform chart showing the relation
between a series of signal Sig (data Xm) to be stored in

- a buffer memory 185 shown in FIG. 22 and the elapsed
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time t;

FIG. 4c is a waveform chart showing the relation
between a series of signal Sj9 (data X) outputted from a
high pass filter 19 shown in FIG. 2a and the elapsed
time t;

FIG. 8q is a waveform chart showing the relation
between a series of signal Sjgto be stored in a ring buffer
memory 20a and an elapsed time t;

FIG. 5b is a waveform chart showing the relation
between a series of signal Sy (data Ym) to be stored 1n
a buffer memory 206 and the elapsed time t;

FIG. 5¢ is a waveform chart showing the relation
between a series of signal S;3 (data Y) outputted from a
low pass filter 12 and the elapsed time t;

FIGS. 6a to 6d are waveform charts showing a pro-
cess of an action of the high pass filter 19 shown in FIG. .
2a; |

FI1G. 7 is a waveform chart showing the relation
between the data Y and Ym processed in a storage
circuit 20 composed of the ring buffer memory 204 and
the buffer memory 20b, and an elapsed time t;

FIG. 8 is a waveform chart showing a waveform of a
waveform signal S;3 outputted from the waveform
composing circuit 13 shown in FIG. 2a;

FIGS. 9a to 9¢ are waveform charts showing an ac-
tion of the arithmetic circuit 14 shown in FIG. 2a;

FIGS. 10a to 10c are waveform charts showing an
action of the arithmetic circuit 1§ shown in FIG. 24;

FIGS. 11a and 11) are charts showing the relation
between a shift amount Z by which the wire end Wa is
previously shifted from the weld line Wgand the differ-
ence calculated by the arithmetic circuit 16;

FI1G. 12 1s a graph showing the relation between a
standard deviation of an error of a shift amount [mms]
and an oscillation frequency [Hz]; and

FI1G. 13 1s a graph showing the relation between a -
shift amount of an inclined weld line from a preset weld
line and a welding time.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments according to the present in-
vention will be described below in the order of the
following items with reference to the attached draw-
ings.

(1) Composition of Arc welding apparatus

(2) Sampling action of the arc welding apparatus
(3) Action of filters

(4) Calculation of a position correction signal

(5) Effect of preferred embodiments

(1) Composition of Arc welding apparatus

FIG. 1 1s a schematic diagram showing an arc weld-
ing apparatus utilizing the control method of the present
preferred embodiments according to the present inven-
tion. |

FIG. 2a 1s a detailled schematic block diagram of a
part of the arc welding apparatus shown in FIG. 1.
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Referring to FIG. 24, the welding torch WT 1is
mounted on a wrist of a welding robot 1, and a consum-
able electrode W having a wire end Wa is mounted at
the end portion of the welding torch WT. There are
provided a left work W1 and a right work Wr so that
they face each other along the weld line Wg. A welding
power source 9 is connected through a welding current
detector 10 between the welding torch WT and the
works W1 and Wr, and the welding current detector 10
detects a welding current Sg and outputs a signal Sjg
~ thereof. There is provided a positional controller 8 for
controlling the welding robot 1 so as to enable the weld-
ing torch WT to trace the weld line Wgand osciilate the
welding torch WT in directions crossing the weld line
Wo with an overpass as indicated by arrows Lgand Ry.
Furthermore, the positional controller 8 outputs a pulse
signal Sg indicating the position of the welding torch
WT, responsive to a positional signal outputted from a
positional detector (not shown) for detecting the posi-
tion of the welding torch WT. A position detecting
circuit 11 outputs an oscillation position detecting signal
Si11shown in FIG. 25, responsive to the pulse signal Ss.

A storage circuit 18 is composed of a ring bufier
memory 184 and a buffer memory 185. The ring buffer
memory 18a stores a series of oscillation position detect-
ing signal S;1shown in (A) of FIG. 4 which 1s outputted
from the position detecting circuit 11. A series of oscil-
lation position detecting signal (referred to as data Xm
hereinafter) for one or plural N periods of the oscilla-
tion such as one period before the latest oscillation
position detecting signal S;; indicated by a ring bufier
pointer is read out from the ring buffer memory 18a and
is stored in the buffer memory 185, as shown in (B) of
FI1G. 4. The data Xm are read out from the buffer mem-
ory 186 and are input to a high pass filter 19. The high
pass filter 19 eliminates a low frequency noise compo-
~ nent included in the signal Si3 of the data Xm and the
drift thereof, and outputs a series of filtered signal Sjg
(referred to as data X hereinafter) having a high fre-
quency signal component shown in (C) of FIG. 4.

A storage circuit 20 is composed of a ring buffer
memory 20a and a buffer memory 205. The ring buffer
memory 20a stores a series of welding current detecting
signal Sip shown in (A) of FIG. 5§ which is outputted
from the welding current detector 10. A series of weld-
ing current detecting signal (referred to as data Ym
hereinafter) for one or plural N periods of the oscilla-
tion such as one period before the latest welding current
detecting signal Sjpindicated by a ring buffer pointer is
reed out from the nng buffer memory 20z and 1s stored
in the buffer memory 205, as shown in (B) of FIG. 3.
The data Ym are read out from the buffer memory 2056
and are input to a low pass filter 12. The low pass filter
12 eliminates a high frequency noise component in-
cluded in the signal Syp of the data Ym and outputs a
series of filtered signal Sz (referred to as data Y herein-
after) having a low frequency signal component shown
in (C) of FIG. 3.

A waveform composing circuit 13 outputs a wave-
form signal S13shown in FIG. 24 indicating a change 1n
the welding current I to the position P of the oscillating
welding torch WT, responsive to the filtered signals S
and Sis.

An arithmetic circuit 14 compares the first welding
current detecting signal generated when the welding
torch WT moves in the right direction for a first time
interval of the right half of the amplitude of the oscilla-
tion, with the second welding current detecting signal
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6

generated when the welding torch WT moves in the left
direction for the first time interval, and outputs the first
comparative signal R shown in FIG. 2e, responsive to
the waveform signal Si3, as described in detail later. An
arithmetic circuit 15 compares the third welding cur-
rent detecting signal generated when the welding torch
WT moves in the left direction for a second time inter-
val of the left half of the amplitude of the oscillation,
with the fourth welding current detecting signal gener-
ated when the welding torch WT moves in the right
direction for the second time interval, and outputs the
second comparative signal L shown in FI1G. 2/, respon-
sive to the waveform signal Si3, as described in detail
later. |

Furthermore, an arithmetic circuit 16 generates a
difference signal J=R —L between the first and second
comparative signals R and L and outputs it to an arith-
metic circuit 26. The arithmetic circuit 26 generates a
shift signal Z indicating the direction in which the cen-
ter of the oscillation is shifted from the weld ine Wgand
the shift amount thereof, based on a function ¥(J), re-
sponsive to the difference signal J.

A position correction circuit 17 calculates a manipu-
lated variable Q of the center C of the oscillation, re-
sponsive to the shift signal Z and outputs a signal indi-
cating the manipulated variable Q to a driver 25. The
driver 25 generates a correction signal Si7 for correct-
ing the center of the oscillation, responsive to the signal
indicating the manipulated variable Q, and outputs it to
the positional controller 8.

Referring to FIG. 1, the composition of the arc weld-
ing apparatus will be described below, and the descrip-
tion of the circuits indicated by the same numerals as
that shown in FIG. 2g is omitted therein.

A robot controller 2 comprises the position detecting
circuit 11 and the positional controller 8. A controller 3
for enabling the welding torch WT to trace the weld
line Wo comprises the circuits 12 to 26 shown in FIG.
24. A cumulative counter 21 is included in the position
detecting circuit 11, the cumulative counter 21 counts
an encoded signal indicating the position P of the oscil-
lation and outputs the counting value to a CPU 23 com-
prising the circuits 12 to 17, 19 and 26. A main storage
circuit 24 comprises the circuits 18 and 20 shown in
FI1G. 2a. The welding current detecting circuit 10 is
composed of a Hall device 10z for detecting the weld-
ing current I, an amplifier 105, a sampling and hold
circuit 10c, and an analogue to digital converter (re-
ferred to as an A/D converter hereinafter) 104,

The aforementioned arithmetic circuits 14 and 15

calculate in respective preferred embodiments as fol-
lows.

(a) First preferred embodiment

The arithmetic circuit 14 calculates the integrated
value ZRr (the first detecting signal) of the welding
current detected when the welding torch W1 moves 1n
the right direction for the first time interval of the right
half of the amplitude of the oscillation, responsive to the
waveform signal S;3, and calculates the integrated value
2R1 (the second detecting signal) of the welding current
detected when the welding torch WT moves 1n the left
direction for the first time interval, responsive to the
waveform signal Si3. Furthermore, the arithmetic cir-
cuit 14 calculates the ratio ZRr/ZR! and outputs the
first comparative signal having level of ratio ZRr/2RI.

The arithmetic circuit 15 calculates the integrated
value X111 (the third detecting signal) of the welding
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current detected when the welding torch WT moves in
the left direction for the second time interval of the left
half of the amplitude of the oscillation, responsive to the
waveform signal S13, and calculates the integrated value
2L (the fourth detecting signal) of the welding current
detected when the welding torch WT moves in the
right direction for the second time interval, responsive
to the waveform signal S;3. Furthermore, the arithmetic
circuit 15 calculates the ratio SL1/2Lr and outputs the

second comparative signal L having the level of the
ratio 2L1/2Lr.

(b) Second preferred embodiment

The arithmetic circuit 14 generates the first and sec-
ond detecting signals 2Rr and ZR! in the manner simi-
lar to the first preferred embodiment, and calculates the
difference (2Rr—2Rl) between respective levels of the
first and second detecting signals ZRr and 3R] and
outputs the first comparative signal R; having the level
of the difference (ZRr—2Rl).

The anithmetic circuit 15 generates the third and
fourth detecting signals 211 and ZLr in the manner
similar to the first preferred embodiment, and calculates
the difference (ZL1—XLr) between respective levels of
the third and fourth detecting signals 2L! and XZL.r and

outputs the second comparative signal L, having the
level of the difference (ZL1—-2XLr).

(c) Third preferred embodiment

The anthmetic circuit 14 calculates the ratio
R3=Rr/RI (the first comparative signal) of the welding
current signal Rr (the first detecting signal) detected
when the welding torch WT is located at a middle
position while it moves in the right direction for the first
time interval of the right half of the amplitude of the
oscillation, to the welding current signal R] (the second
detecting signal) detected when the welding torch WT
1s Jocated at a middle position while it moves in the left
direction for the first time interval, responsive to the
waveform signal Sj;. Furthermore, the arithmetic cir-
cuit 14 calculates the ratio Rr/R] and outputs the first
comparative signal R3 having the level of the ratio
Rr/Rl |

The anthmetic circuit 15 calculates the ratio
L3=L1/Lr (the second comparative signal) of the weld-
ing current signal L1 (the third detecting signal) de-
tected when the welding torch WT is located at a mid-
dle position while it moves in the left direction for the
second interval of the left half of the amplitude of the
oscillation, to the welding current signal Lr (the fourth
detecting signal) detected when the welding torch WT
1s located at a middle position while it moves in the right
direction for the second time interval, responsive to the

waveform signal Sj3, and outputs the second compara-
tive signal L.

(d) Fourth preferred embodiment

The arithmetic circuit 14 generates the first and sec-
ond detecting signals Rr and Rl in the manner similar to
the third preferred embodiment, calculates the differ-
ence (Rr—Rl) between respective levels of the first and
second detecting signals Rr and Rl, and outputs the first
comparative signal R4. The anithmetic circuit 15 gener-
ates the third and fourth detecting signals L] and Lr in
the manner similar to the third preferred embodiment,
calculates the difference (L1—Lr) between respective
levels of the third and fourth detecting signals L1 and
Lr, and outputs the second comparative signal L.
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(e) Fifth preferred embodiment

In the fifth preferred embodiment, the point different
from the first to fourth preferred embodiments is that
respective polarities of the first and second comparative
signals R and L are inverted at a high oscillation fre-
quency of 7 to 10 Hz.

() Sixth preferred embodiment

The arithmetic circuit 14 calculates the ratio Re/Cl of
the welding current (the first detecting signal) detected
when the welding torch WT is located at the right edge
of the oscillation after it moves in the nght direction, to
the welding current Cl (the second detecting signal)
detected when the welding torch WT 1s located at the
center C of the oscillation while it moves in the left
direction, responsive to the waveform signal S;3, and
outputs the first comparative signal R¢ having the level
of the ratio Re/ClL

The arithmetic circuit 15 calculates the ratio Le/Cr
of the welding current Le (the third detecting signal)
detected when the welding torch WT is located at the
left edge of the oscillation while it moves in the left
direction, to the welding current Cr (the fourth detect-
ing signal) detected when the welding torch WT is
located at the center C of the oscillation while it moves
in the night direction, responsive to the waveform signal
S13, and outputs the second comparative signal Lg hav-
ing the level of the ratio Le/Cr.

In order to improve the precision of calculating the
aforementioned ratios, a signal having the level of the
ratio Re/Cr may be outputted as the first comparative
signal Rg, and a signal having the level of the ratio
Le/Cl may be outputted as the second comparative

signal L.
(g) Seventh preferred embodiment

The arithmetic circuit 14 generates the first and sec-
ond detecting signals Re and C] in the manner similar to
the sixth preferred embodiment, calculates the differ-
ence (Re —Cl) between respective levels of the first and
second detecting signals Re and Cl, and outputs the first
comparative signal R7having the level of the difference
(Re—-Cl).

The arithmetic circuit 1§ generates the third and
fourth detecting signals Le and Cr in the manner similar
to the sixth preferred embodiment, calculates the differ-
ence (Le—Cr) between respective levels of the third
and fourth detecting signals Le and Cr and outputs the
second comparative signal L7 having the level of the
difference (Le —Cr).

In order to improve the precision of calculating the
aforementioned differences, a signal having the level of
the difference (Re—Cr) may be outputted as the first
comparative signal Ry, and a signal having the level of
the difference (Le —Cl) may be outputted as the second
comparative signal L.

(h) Other modifications

In the aforementioned preferred embodiments, the
welding torch WT 1s oscillated in the right and left
directions and is moved along the weld line Wgbased on
a change in the welding current due to changes in the
arc length and the wire extension. The control method
for trace the weld line Woaccording to the preset inven-
tion is limited to the aforementioned preferred embodi-
ments. For example, the welding torch WT is enabled
to trace the weld line Wg based on a change in an elec-
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tric signal such as the average value of the welding
current, a digital signal converted from the sampled
welding current, a voltage or a current detected in an
arc state or a short state of the short arc welding, a
background voltage or a background current detected
in 2 pulsed arc welding.

(2) Sampling action of the arc welding apparatus

The sampling action of the controller 3 shown iIn
FIGS. 1 and 20 will be described below.

(a) Period upon sampling the position of the welding
torch and the welding current

A frequency Fs of a clock signal corresponding to a
period upon sampling data of the welding current corre-
sponding to respective positions P of the welding torch
WT is set at a high frequency of 10 to 15 kHz in order
to sample the data accurately so as to detect a minute
change such as several msec. in the welding current 1n

10

15

a short circuit state of the short arc welding or for a 20

time interval between a timing when a pulse current
flows and a timing when a background current flows in

the MAG pulse arc welding having a relatively short
arc length.

(b) Period upon correcting the center of the oscillation

When a period Td upon correcting the center of the
oscillation becomes relatively short, the shift amount of
the welding torch WT from the weld line Wg can be
controlled minutely, however, the period Td can not be
set at a value smaller than the calculation time Tc for
which the position of the center of the oscillation 1s
corrected in one operation. On the contrary, when the
period Td becomes selectively long, the number of the
data to be processed upon correcting the position of the
center of the oscillation in one operation can be in-
creased since a longer calculation time for controlling
the position of the center of the oscillation can be set,
resuiting in that the reliability of the control operation
can be improved.

When the welding torch WT moves in the direction
of the weld line Wg by a movement distance 1.d for the
period Td, the period Td is set so that the movement
distance I.d becomes substantially constant and the
period Td becomes longer than the calculation time Tc.
Namely, the period Td is set at a maximum one of the
ratic Ld/Vd or the calculation time Tc.

(c) Storage of the position of the welding torch and the
welding current detecting signal

The position detecting signal S;; and the welding
current detecting signal Sjg are stored in the ring buffer
memories 18z and 20¢ of the main storage circuit 24,
respectively, wherein the next address of the last ad-
dress of each of the memories 18z and 20ag 1s the top
address, and the address thereof at which either the
signal Sj; or Sjpis stored or read out is indicated by the
ring buffer pointer. - -

(d) Flowchart of the sampling process

FIGS. 3a and 3) are flowcharts showing the sampling
process for sampling the detecting signals Sy1 and Sjg
and storing the sampled signals in the ring buffer memo-
ries 18z and 20q, respectively.

Referring to FIG. 3aq, first of all, when the power 1s
supplied to the arc welding apparatus, the sampling
process is started, and then, the storage circuits 18 and
20 are initialized at steps #1 and #2, respectively.
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Thereafter, the process for controlling the position of
the oscillating welding torch WT is started at step #3, a
clock counter (not shown) for counting the clock signal
used for sampling the detecting signal is reset, and the
clock signal for sampling starts to be outputted at step
#5. Then, it is judged whether or not the sampling
action continues to be performed at step #6.

When the sampling process continues to be per-
formed (Yes at step #6), the position of the oscillating
welding torch WT is sampled at step #7, and the en-
coded signal outputted from an encoder of the position
detecting circuit 11 is counted cumulatively by the
cumulative counter 21 at step #8, and the counting
value of the cumulative counter 21 is outputted as the
detecting signal Si; to the CPU 23 at step #9. Thereaf-
ter, a series of detecting signal S1; shown in FIG. 4a
which is input to the CPU 23 is stored at the address of
the ring buffer memory 18a of the main storage circuit
24 indicated by a first ring buffer pointer at step #10.

On the other hand, after the welding current 1s sam-
pled at step #11, the welding current detecting signal
Sio outputted from the welding current detecting cir-
cuit 10 is converted into a digital signal by the A/D
converter 104 shown in FIG. 1 at step #12 and the
converted digital signal is input to the CPU 23 at step
#13, a series of welding current detecting signal Sip
shown in FIG. 5a which has been input to the CPU 23
is stored at the address of a second ring buffer memory
202z of the main storage circuit 24 indicated by the ring
buffer pointer at step #14. |

When a series of detecting signal Sij has been stored
in the ring buffer memory 18a and a series of welding
current detecting signal Sjg has been stored in the ring
buffer memory 204, respective ring buffer pointers of

the first and second ring buffer memories 182 and 20a

are incremented at step #18§, and the clock counter (not
shown in FIGS. 24 and 1) is incremented by one. Then,
the above sampling process at steps #6 to #16 is re-
peated until the counting value of the clock counter
becomes a predetermined setting value M, wherem the
setting value M is, for example, the product of the fre-
quency Fs of the clock signal for sampling and the time
period Td.

When the counting value of the clock counter be-

comes the setting value M (Yes at step #17), the clock

counter is reset at step #18, and the instruction of start
of the calculation is outputted at step #19. Then, the
program flow goes to step #6, and the sampling process
is repeated. On the other hand, after the instruction of
start of the calculation is outputted at step #19, the
action of the filters 12 and 19 1s started.

When the sampling process does not continue to be
performed (No at step #6), the clock signal for sampling
stops to be outputted, and then, the process for control-

ling the position of the center C of the oscillation is
completed.

(3) Action of Filters
(a) Action of High pass filter 19

The action of the high pass filter 19 will be described
below with reference to FIGS. 6a to 64.

As shown in FIG. 6g, the first value Sgof the data Xm
read out from the buffer memory 185 and the latest
value Si)thereof are linked by a straight line Lo, and the
data Xm are converted into data Xmc so that each value

located on the straight line Lo becomes zero, as shown
in FIG. 6b.
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Thereafter, the converted data Xmc are further con-
verted into the data X to be outputted to the waveform
composing circuit 13 so that the average value Xa
shown 1in FIG. 6c¢ of the maximum value Xl of the data
Xmc and the minimum value Xs thereof becomes zero

corresponding to zero point of the oscillation, as shown
in FIG. 64.

(b) Action of Low pass filter 12

The real line of FIG. 7 shows a series of signal S0 10

(the data Ym) outputted from the ring buffer memory
20a to an elapsed time t. As shown in FIG. 7, there is
calculated the average value Yt of the number n of data
Ym for a predetermined time interval Ta such as 10 to
30 msec. required for converting the data Ym into the
data Y so that respective values of the data Y vary
smoothly, wherein the number u of the data Ym exist
for the time interval Ta is the product of a predeter-
mined smoothing time interval Ta and the frequency Fs
of the clock signal for sampling. The moving average
value Y1 is represented by the following equation:

(+5—1
Yt = ) ¥Ym;
L

"= f._ ——

2

/u

For example, the value of the data Ym at a timing T
corresponding to a middle timing for the time interval
Ta 1s converted into the moving average value Yt. A
dotted line of FIG. 7 shows a change Y in the moving
average value Yt as the time t proceeds. |

In the preferred embodiments, as described above,
the center of the oscillation of the welding torch Wt is
controlled to be moved according to the moving aver-
age value Yt. Therefore, the welding torch WT can be
controlled to be moved along the weld line WT so as to
follow a change for a relatively short time such as the
short circuit phenomenon produced in the short arc
welding method.

It 1s to be noted that the frequency of the filtered
oscillation position detection signal Sjg or data X which
is outputted from the high pass filter 19 may be set at the
same frequency in the range from 10 kHz to 15 kHz as
the sampling frequency of the welding current. How-
ever, since there is little noise in the oscillation position
detection signal Sy9, the sampling frequency of the os-
cillation position detection signal Si9 can be set at a low
frequency such as about 1 kHz in order to decrease the
processing amount of the CPU 23 for processing this
signal S19. In this case, there is further calculated an
average value of the number 10 or 15 of moving aver-
age values Yt of a series of current buffer signal Syg or
data Ym. Then, the frequency of the data Y can be
decreased down to the frequency of the filtered oscilla-
tion position detection signal S;¢ or the data X which is
outputted from the high pass filter 19, and a waveform
signal S;3 can be formed by the waveform composing
circuit 13 responsive to the data X and Y.

In the preferred embodiments, the center of the oscil-
lation of the welding torch WT is controlled to be
moved according to the change Y in the moving aver-
age value Yt as the time t proceeds as shown in FIG. 7.
‘Therefore, no phase delay and no energy loss are pro-
duced in the present preferred embodiments, as com-
pared with the conventional analogue low pass filter
- having a phase delay and an energy loss. Accordingly,
even in the short arc welding method, there can be
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obtained an output signal into which the heat input
during the arc production and the heat input during the
short circuit are converted accurately, and there can be
obtained an equivalent wire extension length. As a re-
sult, there can be utilized the conventional arc sensor
for detecting the welding current responsive to the
change in the wire extension length in the spray arc
welding method.

(4) Calculation of the position correction signal

A sernies of signal Sj9 (the data X) shown in (C) of
FIG. 4 which 1s outputted from the high pass filter 19
and a series of signal Si2 (the data Y) shown in (C) in
FIG. 5 which 1s outputted from the low pass filter 12 are
input to the waveform composing circuit 13, and the
waveform composing circuit 13 generates the wave-
form signal Sy3 shown in FIG. 8. Furthermore, respon-
sive to the waveform signal S;3, the arithmetic circuit
16 calculates the sum 2ZRr of the data of the welding
current (shown in FIG. 9b) detected when the welding
torch WT moves in the right direction for the time
interval of the nght half of the amplitude of the oscilla-
tion, and calculates the sum 2 RI] of the data of the weld-
ing current (shown in FIG. 9¢) detected when the weld-
ing torch WT moves in the left direction for the time
interval of the right half of the amplitude of the oscilla-
tion. Thereafter, the arithmetic circuit 16 calculates the
difference ZRr— 2RI and outputs the first comparative
signal Rg having the level of the difference ZRr—Z2Rl
(See FI1G. 9a).

In FIGS. 9a to 9¢ and 10g to 10c, the axis of abscissa
represents the signal S;g outputted from the high pass
filter 19 corresponding to the position P of the oscillat-
ing welding torch WT, and the axis of ordinate repre-
sents the signal S;; outputted from the low pass filter 12
corresponding to the welding current 1.

Responsive to the waveform signal S;3, the arithme-
tic circuit 15 calculates the sum XLI1 of the data of the
welding current (shown in FIG. 105) detected when the
welding torch WT moves in the left direction for the
time interval of the left half of the amplitude of the
oscillation, and calculates the sum ZLr of the data of the
welding current (shown in FIG. 10c¢) detected when the
welding torch W'T moves in the right direction for the
time interval of the left half of the amplitude of the
oscillation. Furthermore, the arithmetic circuit 15 cal-
culates the difference ZL]1—ZLr between the sums L1
and 2Lr, and outputs the second comparative signal Lg
having the level of the difference 21L.1—-ZLr (See FIG.
10q).

The arithmetic circuit 16 calculates the difference
Rs—Lg between the first and second comparative sig-
nals Rg and Lg, and outputs the difference signal J hav-
ing the level of the difference Rg—Lgs. The arithmetic
circuit 26 calculates a value of the function F(J) having
a variable of the difference signal J, and outputs the
signal Z corresponding to the value of the function F(J).
For example, the function F(J) is represented by the
following equation:

RJ)=agJ+ by,

wherein ag and by are predetermined constants, respec-
tively.

For example, when the oscillation frequency is 5
{Hz], a>0 since the locus of the waveform signal S;3
rotates in the aforementioned normal rotation direction
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in a form of a character of the symbol of infinity «. On
the other hand, when the oscillation frequency 1s 10
[Hz], a<0 since the locus thereof rotates in the afore-
mentioned reverse rotation direction in a waveform of a
character of 8 which is rotated by right angle. Namely,
the center of the welding torch WT 1s controlled to be
moved in such a direction that the level of the differ-
ence signal J decreases.

The welding operation is performed after the wire
end Wa is shifted by a predetermined distance Zr from
the weld line Wq previously, and then, constitutional
diagrams shown in FIGS. 11¢ and 11/ are obtained
depending upon a form of the groove and the position
of the welding torch WT by calculating the aforemen-
tioned signal Jr. For example, as shown in FIG. 11q,
since the signal Jr is approximately proportional to the
shift amount Zr, the relationship between the signal Jr

and the shift amount Zr is represented by the following
equation.

Zr=apJr+ b

After the values of ag and bg are calculated by the
regression analysis, the shift amount Z by which the
center C of the oscillation is to be shifted can be ob-
tained based on the aforementioned signal J. |

The position correction circuit 17 calculates the ma-
nipulated variable Q of the center C of the oscillation,
responsive to the signal Z outputted from the arithmetic
circuit 26. For example, in the PID control process, the

manipulated variable Q;is represented by the following
equation:

I
Qi = kKZ; + 1},330 Zj + m(zi — zj-1),

wherein k, I and m are predetermined constants, respec-
tively, and 1 is the number of times of the calculation
upon controlling the position of the center C of the
oscillation.

Responsive to the manipulated vaniable Q, the driver
25 generates the center position correcting signal Sj7
corresponding to the manipulated vanable Q and out-
puts it to the positional controller 8 so as to correct the
position of the center of the oscillation upon moving the
welding torch WT along the weld line Wy.

(5) Effect of the preferred embodiments

The effect of the preset preferred embodiments will
be described below.

(2)

The welding torch WT is enabled to trace the weld
line Wg at an oscillation frequency higher than that of a
conventional control process.

FIG. 12 is a graph showing the relationship between
an oscillation frequency JHz] represented by the axis of
abscissa and a standard deviation [mms] of an error of a
shift amount represented by the axis of ordinate when
the shift amount by which the center C of the oscillation
is shifted from the weld line Wy is detected, wherein a
dotted line of FIG. 12 shows the standard deviation
thereof in the conventional control process, and a real
line of FIG. 12 shows the standard deviation thereof in
the control method of the preset preferred embodi-
ments. -

Referring to FIG. 12, in the conventional control
process, the weld line Wg can be detected only up to a
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middle oscillation frequency of about 5 Hz, namely,
when the oscillation frequency is equal to or higher
than 6 Hz, the welding operation can not be performed
satisfactorily since the standard deviation thereof 1s
extremely larger than 1 [mm]. On the other hand, 1n the
control process of the present preferred embodiment,
the standard deviation thereof is smaller than 1.0 [mm]
at an oscillation frequency in the range from 2 to 6 Hz,
and the standard deviation thereof decreases according
to the oscillation frequency contrary to that of the pres-
ent preferred embodiment when the oscillation fre-
quency is higher than 6 Hz. When the oscillation fre-
quency is 10 Hz, the standard deviation is 0.5 {mm)], and
particularly at a high oscillation frequency, the error of
the shift amount becomes small.

In the conventional control process, when only a
welding speed at which the welding torch WT 1s moved
along the weld line Wy is increased without heightening
the oscillation frequency, the welding bead is formed

‘thereon with meandering. In the conventional control

process, the maximum welding speed upon moving the
welding torch WT along the weld line Wgis about 120
fcms/min.] in the case of a vertical down fillet welding,
and the maximum welding speed is about 80 [cms/min.]
in the case of a lap fillet welding. On the other hand, in
the present preferred embodiments, a high oscillation
frequency can be set so as to fall in the range from 7 to
10 Hz. Therefore, the maximum welding speed upon
moving the welding torch WT along the weld hine Wy
is about 200 [cms/min.] in the case of the vertical down
fillet welding, and the maximum welding speed is about
150 fcms/min.] in the case of the lap fillet welding.
Namely, when the welding speed is set at twice the
welding speed set in the conventional control process,
the oscillation frequency can be set at twice the oscilla-
tion frequency in the conventional control process, and
the welding bead can be formed without meandering.

Furthermore, in the conventional control process, the
welding speed can not be increased even when thin
plates are welded since there is an upper hmit in the
maximum welding speed upon moving the welding
torch WT along the weld line. Therefore, the minimum
thickness of the plates which can be welded together 1s
2.0 [mms] in the case of the horizontal fillet welding,
and the minimum thickness thereof is 3.2 {mms] in the
case of the lap fillet welding. On the other hand, 1n the
present preferred embodiments, the minimum thickness
thereof is 1.2 [mms] in the case of the horizontal fillet
welding, and the minimum thickness thereof 1s 2.3
[mms] in the case of the lap fillet welding.

(b)

The precision of moving the welding torch along the
weld line 1s improved.

An arc sensor used in the conventional control pro-
cess can detect the shift amount by which the center C
of the oscillation 1s shifted from the weld line Wq based
on the data of respective average values of the welding
current detected for one period or half the period of the
oscillation. However, when the oscillation freqguency i1s

~ heightened, a sampling number in which the welding

635

current can be sampled for a unit time interval in-

creases.

FIG. 13 is a graph showing the shift of a real weld
line Ws inclined from a predetermined weld line corre-
sponding to the axis of abscissa, wherein the axis of
abscissa thereof represents a welding time [sec.] and the



5,130,514

15

axis of ordinate represents the shift amount [mms] of the
position of the real weld line inclined from the predeter-
mined weld line. A dotted line of FIG. 13 shows charac-
teristic of the shift amount [mms] of the center C of the
oscillation from the inclined real weld line Ws to a 5
passed time [sec.] at an oscillation frequency of 2.5 Hz in
the conventional control process. As shown in the dot-
ted line of FIG. 13, a maximum shift amount of 1.0 {mm]

is caused. On the other hand, a real line of FIG. 13
shows characteristic of the shift amount [mms] of the 10
center C of the oscillation from the inclined real weld
line Ws to a passed time [sec.] at an oscillation fre-
quency of 10 Hz in the present preferred embodiments.
As shown 1n the real line of FIG. 13, a maximum shift
amount is equal to smaller than 0.5 [mms], namely, it 13
becomes equal to or smaller than half the maximum shift
amount in the conventional control process and the
precision of moving the welding torch WT along the
weld line 1s improved.

(©)

The position of the oscillating welding torch can be
controlled so as to trace the weld line in the case of a
vertical down welding.

In the vertical down welding, the melting metal
drops under the arc and flows onto the surface of the
groove unstably. Therefore, it is remarkably difficult to
perform the vertical down welding using the conven-
tional control process with the arc sensor. On the other
hand, in the control process of the present preferred
embodiments, a higher oscillation frequency can be set
and a higher welding speed can be set than that in the
conventional control process. Therefore, the welding
torch WT or the arc can be moved at a welding speed ¢
higher than the speed at which the melting metal drops,
resulting in that the welding torch WT can be con-
trolled to be moved along the weld line Wy more stably
in the vertical down welding without the influence of
dropping of the melting metal. For example, the vertical 4,
down fillet welding can be performed at a welding
speed of 200 [cms/min.] and the lap vertical fillet weld-
ing is performed at a welding speed of 150 [cms/min.]. .

(d)

The position of the oscillating welding torch can be
controlled precisely so as to trace the weld line even in
the case of a small welding current.

In the conventional control process with the arc sen-
sor, when the welding current decreases, the error of sg
detecting the welding current increases. However, in
the control process of the present preferred embodi-
ments, the error of detecting the welding current can be
decreased as compared with that in the conventional
control process by setting a high oscillation frequency. 55
Therefore, the control process of the present preferred
embodiments can be used even in the case of a welding
current smaller than that in the conventional control
process.

29

45

(c)

The control process of the present preferred embodi-
ments can be applied to various kinds of welding pro-
cesses. |

The conventional control process ts performed under 65
the condition that the arc length 1s kept approximately
constant. Therefore, the conventional control process
can not be used in common with welding processes

16

having different inductances of the power source for
welding.

On the other hand, even though the arc length vanes
for a short time or the inductance of the power source
for welding vanes, the control method of the present
preferred embodiments according to the present inven-
tion can be applied to various kinds of welding pro-
cesses solely or commonly over the wide range of the
welding condition, such as the spray arc welding
method, the short arc welding method, the MAG pulse
arc welding method having a relatively short arc
length. This is the largest feature or advantage of the
present preferred embodiments.

It is understood that various other modifications will
be apparent to and can be readily made by those skilled
in the art without departing from the scope and spint of
the present invention. Accordingly, it is not intended
that the scope of the claims appended hereto be limited
to the description as set forth herein, but rather that the
claims be construed as encompassing all the features of
patentable novelty that reside in the present invention,
including all features that would be treated as equiva-
lents thereof by those skilled in the art to which the
present irvention pertains.

What 1s claimed is:

1. A control apparatus for enabling a welding torch
to trace a weld line in a welding apparatus while oscil-
lating said welding torch 1n opposite left and right di-
rections crossing said weld line with an overpass com-
prising: |

position detection means for detecting a position of

said welding torch and outputting a position de-
tecting signal representative thereof;

first sampling means for sampling said position de-

tecting signal with a predetermined first period and
outputting a position digital signal representative
thereof:

first storage means for sequentially storing said posi-

tion digital signal;

first reading means for reading out a series of said

position digital signals and outputting a position
data signal comprised of a series of said position
digital signals;
current detection means for detecting a welding cur-
rent flowing between said welding torch and
works to be welded responsive to changes in an arc -
length and a wire extension and outputting a cur-
rent detecting signal representative thereof;

second sampling means for sampling said current
detecting signal with a predetermined second per-
10d and outputting a current digital signal represen-
tative thereof;

second storage means for sequentially storing said

current digital signal; -

second reading means for sequentially reading out a

series of said current digital signals;

calculation means for sequentially calculating a mov-

ing average value of said current data signal com-
prised of a series of said current digital signals for a
predetermined smoothing time interval so as to
eliminate a high frequency noise component of said
current digital signal, and outputting a current data
signal comprised of a senies of the calculated mov-
ing average values;

composing means for composing both said position

data signal outputted from said first reading means
and said current data signal outputted from said
calculation means, and outputting a waveform
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signal representing both said position data signal
and said current data signal; and
control means for moving the center of said oscilla-
tion to enable said welding torch to trace said weld
line responsive to said waveform signal outputted
from said composing means.
2. The apparatus as claimed in claim 1, wherein said
control means comprises:
comparison means for outputting a comparison signal
by comparing said waveform signal for a first time
interval of the right half of the amplitude of said
oscillation with said waveform signal for a second
time interval of the left half of the amplitude of said
oscillation; and
moving means for moving the center of said oscilla-
tion in a direction to reduce said comparison signal
to enable said welding torch to trace said weld line.
3. A control method for enabling a welding torch to
trace a weld line in a welding apparatus while oscillat-
ing said welding torch in opposite left and right direc-
tions crossing said weld line with an overpass including:
position detection step of detecting a position of said
welding torch and outputting a position detecting
signal representative thereof;
first sampling step of sampling said position detecting
signal with a predetermined first period and out-
putting a position digital signal representative
thereof;
first storage step of sequentially storing said position
digital signal;
first reading step of reading out a series of said posi-
tion digital signals and outputting a position data
signal comprised of a series of said position digital
signals;
current detection step of detecting a welding current
flowing between said welding torch and works to
be welded responsive to changes in an arc length
and a wire extension and outputting a current de-
tecting signal representative thereof;
second sampling step of sampling said current detect-
ing signal with a predetermined second period and
outputting a current digital signal representative
thereof;
second storage step of sequentially storing said cur-
rent digital signal;
second reading step of sequentially reading out a
series of said current digital signals;
calculation step of sequentially calculating a moving
average value of said current data signal comprised
of a series of said current digital signals for a prede-
termined smoothing time interval to eliminate a
high frequency noise component of said current
digital signal, and outputting a current data signal
comprised of a series of the calculated moving
average values;
composing step of composing both said position data
signal and said current data signal, and outputting a
waveform signal representing both said position
data signal and said current data signal; and
control step of moving the center of said oscillation to
enable said welding torch to trace said weld line
responsive to said wave form signal.
4. The method as claimed in claim 3, wherein said
control step includes the steps of:
outputting a comparison signal by comparing said
waveform signal for a first time interval of the right
half of the amplitude of said oscillation with said
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waveform signal for a second time interval of the
left half of the amplitude of said oscillation; and

moving the center of said oscillation in a direction to
reduce said comparison signal to enable said weld-
ing torch to trace said weld line.

5. The method as claimed in claim 3, wherein said
control step includes the steps of:

detecting said waveform signal as a first detecting

signal when said welding torch moves in the night
direction for a first time interval of the right half of
the amplitude of the oscillation;

detecting said waveform signal as a second detecting

signal when said welding torch moves in the left
direction for the first time interval;

generating a first comparative signal by comparing

the first detecting signal with the second detecting
signal;

detecting said waveform signal as a third detecting

signal when said welding torch moves in the left
direction for a second time interval of the left haif
of the amplitude of the oscillation;

detecting said waveform signal as a fourth detecting

signal when said welding torch moves i1n the right
direction for the second time interval;

generating a second comparative signal by compar-

ing the third detecting signal with the fourth de-
tecting signal;
calculating a difference between respective levels of
the first and second comparative signals; and

moving the center of the oscillation in a direction to
reduce the calculated difference to enable said
welding torch to trace said weld line.

6. The method as claimed in claim 5, wherein the first
to fourth detecting signals have levels of integrated
values of a welding current flowing between said weld-
ing torch and said works to be welded;

calculating a ratio of the first detecting signal to the

second detecting signal to generate the first com-
parative signal having the level of the calculated
ration; and

calculating a ratio of the third detecting signal to the

fourth detecting signal to generate the second com-
parative signal having the level of the calculated
ratio.

7. The method as claimed in claim 5, wherein the first
to fourth detecting signals have levels of integrated
values of a welding current flowing between said weld-
ing torch and said works to be welded;

calculating a difference between the first and second

detecting signals to generate the first comparative
signal having the level of the calculated difference;
and

calculating a difference between the third and fourth

detecting signals to generate the second compara-
tive signal having the level of the calculated differ-
ence.

8. The method as claimed in claim 5, wherein the first
detecting signal has a level of a welding current flowing
between said welding torch and said works to be
welded when said welding torch is located at a prede-
termined first position;

the second detecting signal has a level of the welding

current when said welding torch is located at the
first position;

the third detecting signal has a level of the welding

current when said welding torch is located at a
predetermined second position;
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the fourth detecting signal has a level of the welding
current when said welding torch is located at the
second position;

calculating a ratio of the first detecting signal to the

second detecting signal to generate the first com-
parative signal having the level of the calculated
ratio; and

calculating a ratio of the third detecting signal to the

fourth detecting signal to generate the second com-
parative signal having the level of the calculated
ratio.

9. The method as claimed in claim 8, wherein the first
position 1s a middle point of the right half of the ampli-
tude of the oscillation, and the second position is a mid-
dle point of the left half thereof.

10. The method as claimed in claim §, wherein the
first detecting signal has a level of a welding current
flowing between said welding torch and said works to
be welded when said welding torch is located at a pre-
determined first position;

the second detecting signal has a level of the welding

current when said welding torch is located at the
first position; '

the third detecting signal has a level of the welding

current when said welding torch is located at a
predetermined second position;

the fourth detecting signal has a level of the welding

current when said welding torch is located at the
second position;

calculating a difference between the first and second

detecting signals to generate the first comparative
signal having the level of the calculated difference;
and

calculating a difference between the third and fourth

detecting signals to generate the second compara-
tive signal having the level of the calculated differ-
ence.

11. The method as claimed in claim 10, wherein the
first position is a middle point of the right half of the
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middle point of the left hand thereof.

12. The method as claimed in claim 5, wherein the
calculated difference used for determining the direction
in which the center of the oscillation is moved is set so
that the sign of the calculated difference at an oscilla-
tion frequency lower than a predetermined frequency is
different from the sign of the calculated difference at
the oscillation frequency equal to or higher than the
predetermined frequency.

13. The method as claimed in claim 3, wherein said
control] step includes the steps of:

detecting said waveform signal as a first detecting

signal when said welding torch is located at the
right edge of the oscillation after said welding
torch moves in the right direction;

detecting said waveform signal as a second detecting

signal when said welding torch is located at the
center of the oscillation while said welding torch
moves in the left direction;

generating a first comparative signal by comparing

the first detecting signal with the second detecting
signal;

detecting said waveform signal as a third detecting

signal when said welding torch is located at the left
edge of the oscillation after said welding torch
moves in'the left direction;

detecting said waveform signal as a fourth detecting

signal when said welding torch is located at the
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center of the oscillation while said welding torch
moves in the right direction;

generating a second comparative signal by compar-

ing the third detecting signal with the fourth de-
tecting signal; |
calculating a difference between respective levels of
the first and second comparative signals; and

moving the center of the oscillation in a direction to
reduce the calculated difference to enable said
welding torch to trace said weld line.

14. The method as claimed in claim 13, wherein the
first to fourth detecting signals have levels of a welding -
current flowing between said welding torch and said
works to be welded;

calculating a ratio of the first detecting signal to the

second detecting signal to generate the first com-
parative signal having the level of the calculated
ratio; and

calculating a ratio of the third detecting signal to the

fourth detecting signal to generate the second com-
parative signal having the level of the calculated
ratio.
15. The method as claimed in claim 13, wherein the
first to fourth detecting signals have levels of a welding
current flowing between said welding torch and said
works to be welded, and a generation method for gener-
ating the first and second comparative signal is switched
over as follows:
when an oscillation frequency is lower than a prede-
termined frequency, calculating a ratio of the first
detecting signal to the second detecting signal to
generate the first comparative signal having the
level of the calculated ration, and calculating a
ratio of the third detecting signal to the fourth
detecting signal to generate the second compara-
tive signal having the level of the calculated ratio,

when the oscillation frequency is equal to or higher
than the predetermined frequency, calculating a
ratio of the first detecting signal to the fourth de-
tecting signal to generate the first comparative
signal having the level of the calculated ratio, and
calculating a ratio of the third detecting signal to
the second detecting signal to generate the second
comparative signal having the level of the calcu-
lated ratio.

16. The method as claimed in claim 13, wherein the
first to fourth detecting signals have levels of a welding
current flowing between said welding torch and said
works to be welded;

calculating a difference between the first detecting

signal and the second detecting signal to generate
the first comparative signal having the level of the
calculated ratio; and

calculating a difference between the third detecting

signal and the fourth detecting signal to generate
the second comparative signal having the level of
the calculated ratio.

17. The method as claimed in claim 13, wherein the
first to fourth detecting signals have levels of a welding
current flowing between said welding torch and said
works to be welded, and a generation method for gener-
ating the first and second comparative signals is
switched over as follows:

when an oscillation frequency is lower than a prede-

termined frequency, calculating a difference be-
tween the first detecting signal and the second
detecting signal to generate the first comparative
signal having the level of the calculated ratio, and
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calculating a difference between the third detect-
ing signal and the fourth detecting signal to gener-
ate the second comparative signal having the level
of the calculated ratio,

when the oscillation frequency is equal to or higher
than the predetermined frequency, calculating a
difference between the first detecting signal and
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the fourth detecting signal to generate the first
comparative signal having the level of the calcu-
lated ratio, and calculating a difference between
the third detecting signal and the second detecting
signal to generate the second comparative signal

having the level of the calculated ratio.
¥ X X% ¥ ¥
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